




















































































































































7.5	mM Acetate	+	5 mM NO3-
–Step	II:	Abiotic	Precipitation	test	(influent	pH	7.2,	Alk 18	mM,	10-16	days)
15	mM Acetate	+	0	mM NO3- +	30	mM Ca2+
–Step	III:	Biotic	precipitation	test	(influent	pH	6.7,	Alk 10	mM,	16-24	days)


























































Figure 4: (a) Spatial distribution of biofilm observed in experiments during Step III.  Simulated 4"
spatial distribution of (b) NO3-, (c) CH3COO-, (d) NO2- remaining, (e) NO2- removed, (f) pH,  (g) 5"
HCO3-, and (h) saturation index (Ω) for vaterite (=log10 (activity product/Ksp)), assuming 6"























































































































































































































































































Motile	bact.- Obs. Motile	Bact.- Model
No	bact.- Obs. No	Bact.- Model







































Bacteria 0.0048 0.0038 0.0023
No Bacteria 0.0021 0.0013 0.0020
Non- motile














































































Figure 5: Snap shot of biominerals within a few pore bodies along the transverse mixing zone 
using DIC (A) and fluorescence (B) microscopic imaging during a tracer test.  An ESEM image 
of a vertical cross-section of a single pore space showing CaCO3 biominerals (confirmed with 
EDS) in-situ (C). No fluorescence was observed corresponding to the location of most 
biominerals (a-g) and intense fluorescence corresponding to biomass (h-i) and partially grown 
biominerals (j-k).  ESEM image shows biominerals occupy entire micromodel depth and at least 



























Compare the light that went in with the light that comes out
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Raman	Spectroscopy:	Basic	Concept
Analyte
Raman	Bands	result	from	the	
Vibrations	of	specific	chemical	
Bonds.	
Band	assignments:
800-900 C-C Backbone
1003 Phe Ring	breathing
1010-1200 C-C Backbone
1265 RC=ONH2 Amide	III
1450 CH2 Stretch
1653 Amide-I Backbone
1726 RC=OOR Ester	
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Raman	Spectroscopy:	Peak	Assignments
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Raman	Spectroscopy:	In-situ	chemical	
Characterization	of	CaCO3
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In-situMinerals	Characterization	inside	
RRGeoBioCell- Raman	Spectroscopy	
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Quartz	peaks:	128,	206,	265,	355,	401,	464	cm-1
Feldspar	peaks:	157,	285,	476,	513,	750,	813,	994	cm-1
Calcite	cement:	156,	282,	714,	1088	cm-1
PDMS	peaks:	490,	711,	2908,	2969	cm-1
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Bulk	Protein	and	Oil	Prediction	in	Soybean	Using	
Transmission	Raman	Spectroscopy:	A	Comparison	of	
Approaches	to	Optimize	Accuracy
Prediction	Models	for	Individual	Lipids	Prediction
39
Individual	Amino	Acids	in	Soybean
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Wet	Chemistry	Value	(%	by	weight)
n_train=	35	
RMSE_train=0.03
R2_train=	0.97
n_val=	25
RMSE_val=0.05
R2_val=	0.92
n_train=	35	
RMSE_train=0.01
R2_train=	0.72
n_val=	25
RMSE_val=0.02
R2_val=	0.52
Fungal	Degradation	Assessment	using	-FTIR	Spectroscopy
41
Ø ATR-FTIR spectra	were	collected	in	point	
scan	mode	on	fungal	exposed	coatings	A	
and	B	(both	in-house	built	primer	and	
primer+topcoat	samples)	and	control	
samples.
Ø Both	samples	exposed	to	A.	pullulans	
show	decrease	in	C=O	ester	bond	(1726	
cm-1)	band	intensity	and	simultaneously	
increase	in	amide-I	band	intensity	(1635-
1650	cm-1).	Control	samples	did	not	
show	these	changes	indicating	
degradation	of	polyurethane	with	fungi	
growth.
Ø Comparing	with	samples	exposed	to	
other	fungal	isolates	indicate	lesser	or	
even	negligible	changes	in	ester	band	
intensity	indicating	no	degradation.	
However,	increase	in	amide-I	band	
intensity	was	also	minimal.	No	conclusive	
inference	can	be	drawn.
Image	Curtsey:	Dr.	Hanafy Fouly
Chemical	Degradation:	FTIR	Spectroscopy
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Ø Spatial	distribution	of	mold	fungi	and	
primer	coating	on	a	A.	pullulans
exposed	CS-2A	substrate	characterized	
by	FTIR	bands	at	1645	cm-1 and	1726	
cm-1.
Ø The	complementary	plots	(i.e.,	max	
concentration	of	one	is	marked	by	min	
concentration	of	other	and	vice-versa)	
indicate	degradation	due	to	fungal	
growth.
Research	Goals
Ø Calcite	based	Micromodels
Ø Design	Modification-
Ø PDMS	with	IR	and	Raman	
compatible	material
Ø Use	chemical	imaging	for	tracking	
biochemical	reactions
Long-Term	Research	Goals
Thank	You!
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